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Pore-scale wettability characterization in mixed-wet
sandstones using dynamic laboratory micro X-ray
tomography
Multiphase flow is strongly influenced by the wettability of the porous medium. Conventionally, wettability
is quantified by the contact angle between the fluid-fluid interface and the solid surface. Recent attempts
to measure contact angles directly (AlRatrout et al., 2017; Scanziani et al., 2017) and indirectly (Blunt et al.,
2019) from micro X-ray tomographic images have proven to be challenging due to the scale-dependent and
hysteretic nature of contact angles. In principle, the contact angle that controls the invasion process has to
be measured at (or at least near) the moment the fluid interface moves into a neighboring pore. Laboratory
based dynamic micro X-ray tomography (Bultreys et al., 2016) offers the possibility to perform challenging
experiments in a controlled laboratory environment, with acquisition times and image quality close to those
achieved at synchrotron facilities.
For this study, n-decane-brine drainage and imbibition experiments were performed on two medium-grained
calcareous sandstone samples from the Luxembourg Sandstone Formation (lower Jurassic). One of these sam-
ples was treated using octadecyltrichlorosilane (OTS) to induce an intermediate to mixed wettability distribu-
tion. The experiments were imaged continuously using a laboratory based micro X-ray tomography scanner
optimized for fast image acquisition to generate a time series of micro-CT images. For each image, pore-scale
properties such as fluid distributions, fluid-fluid interfacial curvatures and contact angles were calculated. Us-
ing a clustering algorithm, neighboring pores that change fluid occupancy are clustered together allowing
calculations of pore-scale properties on an event-by-event basis. Measurements of the pore scale properties
are validated by performing high resolution region of interest scans (2um/voxel) at the end of drainage and im-
bibition. By combining image-based pore-scale properties with spatial connectivity information, wettability
can be characterized at the pore-scale to inform numerical simulations of multiphase flow.
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